Background: In multiple sclerosis various aspects of cognitive function can be detrimentally affected. More than that, patientsemployment and social functioning is likely to be impacted. Objective: To determine whether work disability among multiple sclerosis patients could be predicted by the symbol digit modalities test. Methods: A register-based cohort study was conducted. Individual data on work disability, operationalised as annual net days of sickness absence and/or disability pension were retrieved at baseline, when the symbol digit modalities test was performed, after one-year and 3-year follow-up for 903 multiple sclerosis patients. The incidence rate ratios for work disability were calculated with general estimating equations using a negative binomial distribution and were adjusted for gender, age, educational level, family composition, type of living area and physical disability. Results: After one year of follow-up, the patients in the lowest symbol digit modalities test quartile were estimated to have a 73% higher rate of work disability when compared to the patients in the highest symbol digit modalities test quartile (incidence rate ratio 1.73, 95% confidence interval 1.42-2.10). This estimate after 3-year follow-up was similar (incidence rate ratio 1.68, 95% confidence interval 1.40-2.02). Conclusion: Cognitive function is to a high extent associated with multiple sclerosis patients' future work disability, even after adjusting for other factors.
Introduction
Approximately 2.5 million people worldwide are affected with multiple sclerosis (MS), a chronic neuroinflammatory disease of the brain and spinal cord that is a common cause of serious physical disability in young adults. 1 MS poses a major personal and socioeconomic burden: the average age of disease onset is 30 years -a time that is decisive for work and family planning -and 25 years after diagnosis approximately 50% of patients require permanent use of a wheelchair. The condition has a heterogeneous presentation that can include sensory and visual disturbances, motor function impairments, fatigue, pain and cognitive deficits. 1, 2 MS is associated with reduction in work capacity and lower earnings. 3 It causes work disability and healthcare resource use -the estimated cost of illness of all the MS patients in Sweden in 2010 was SEK3950 million, of which 75% was indirect costs (the productivity losses, identified from sick-leave benefits and disability pension (DP) benefits). 4 In a recent study, the rate of MS patients of working age who were on DP was more than 60%, 5 highly elevated compared to the equivalent general population.
Cognitive dysfunction is present in up to 70% of patients with MS. 6 Various aspects of cognitive function can be detrimentally affected: difficulties with long-term and verbal memory as well as with abstract and conceptual reasoning, fluency, planning, visuospatial perception and reduced speed of information processing. 6 Information processing speed is the very first cognitive deficit that emerges and one of the domains in which cognitive impairment is most marked in MS. 7, 8 It is also considered as a primer for and predictor of the future impairment of other cognitive domains such as memory. One of the widely used tests of processing efficiency and speed in MS is the symbol digit modalities test (SDMT). 9 It is more congenial for both patient and assessor, takes less time to complete and has equal psychometric validity compared to other tests of attention and processing speed, for example, the paced auditory serial addition task, and is recommended as a clinical tool for neurologists and healthcare professionals working with MS patients. 10 The research in MS clearly supports the reliability and validity of the test, 11 which is sensitive, specific and an accurate tool to classify cognitive impairment, 12, 13 and has been shown to be the best predictor of MS cognitive impairment in both the brief repeatable battery of neuropsychological tests and the minimal assessment of cognitive function in MS. 14 The test has been used in a Swedish nationwide post-marketing surveillance study of new MS treatments. 15 Some studies have reported that cognitive difficulties involve problems with paid work, and the impact of MS on work productivity and its possible associations with not being employed have recently attracted great interest. 16, 17 For example, Kobelt et al. 18 reported that regular work hours decreased linearly with increasing severity of fatigue and cognitive problems. Also, a recent study by Bj€ orkenstam et al. showed that there is a considerable heterogeneity of MS progression in terms of sickness absence (SA) and DP. 19 While many clinical and demographic factors have frequently been associated with work disability, few studies have examined whether there are predictors of future disability, even over the short term. 20 Thus, in this study we aimed to determine whether the SDMT can be used to predict work disability among MS patients.
Materials and methods
A longitudinal, register-based cohort study was conducted, using data from the following three nationwide sources: The unique personal identification number assigned to all residents in Sweden was used to conduct the linkage of data at an individual level.
MS patients aged 20-62 years who lived in Sweden and had a clinical visit with SDMT recorded throughout 2006-2009 were identified from the SMSreg. In the SDMT, the patient is presented with nine graphical symbols, each paired with a single digit, serving as a key. Below are rows of the symbols, randomly ordered, and the patient must say the numbers that go with each digit. Besides the SDMT, we were able to track the grade of disability, which is routinely quantified by neurologists according to the EDSS. 24 The EDSS spans between 0 and 10 with increments of 0.5 in which 0 is a neurologically unaffected patient and 10 is death as a result of MS.
The sociodemographic information at the year of the first SDMT recorded (T0) was added from LISA. In addition, the patients had to be of working age, that is older than 19 years at baseline (T0) and under 65 years at T3. Individual data on work disability, operationalised as annual days of SA and/or DP was retrieved from MiDAS at baseline (T0), after oneyear (T1) and 3-year (T3) follow-up. Net days were calculated combining part-time absence days to full days, for example, two gross days with 50% absence were calculated as one net day. In the analysis, type of living area was categorised into: (a) larger cities (Stockholm, Gothenburg, and Malm€ o); (b) mediumsized municipalities (with more than 90,000 inhabitants within 30 km distance from the centre of the city); (c) smaller municipalities. The family composition was categorised into two types: married/ cohabiting (living with a partner) and single.
In total, 903 MS patients were included in the study.
SA and DP in Sweden
In Sweden, people with an income from work or unemployment benefits who have a reduced work capacity due to disease or injury can be granted SA benefits. For most employees the first 14 days of a SA spell is paid by the employer, after that by the Social Insurance Agency. All people aged 19-64 years can be granted DP if their work incapacity, caused by disease or injury, is long term or permanent. Both SA and DP can be granted for full time or part time (25%, 50% or 75%) of ordinary work hours.
Statistical analyses
Descriptive statistics with means, medians and proportions were used to describe the cohort at baseline. One-way analysis of variance (ANOVA) was used to compare continuous variables across SDMT quartiles. For the categorical variables a chi-square test was used, for medians a Kruskal-Wallis test was used.
Incidence rate ratios (IRRs) for work disability, crude and adjusted for gender, age, education, family composition, type of living area and physical disability, were calculated with general estimating equations (GEEs) using a negative binomial distribution and autoregressive covariance matrix. Marginal means (the mean response for each factor, adjusted for all covariates in the model) of work disability at T1 and T3 for MS patient groups were estimated. For analysis purposes, MS patients were categorised into quartiles (QI-QIV) according to their raw SDMT score (the patients with the lowest cognitive function in the first SDMT quartile (QI) and the patients with the best cognitive function in the fourth quartile (QIV)). The SDMT score was also studied as a continuous variable in a complementary analysis.
Ethics
The project was approved by the regional ethical review board of Stockholm. All Swedish residents are automatically included in the MiDAS and LISA.
Data collection into SMSreg is based on informed consent from the individual patients.
Results
Descriptive data of the study population categorised by SDMT quartiles are presented in Table 1 . Of the 903 MS patients, 71.5% were women, 43.7% had higher education (university or university college studies) and the mean age of the patients was 37.4 AE 9.3 years. The majority of the patients were married/cohabiting (51.2%) and living in larger cities (50.7%). The median EDSS was 3.0 (the interquartile range 2.5) and work disability, operationalised as annual days of SA and/or DP, at baseline (T0) was on average 164 days.
MS patients were rather different when looking across SDMT quartiles (Table 1) ; for example, MS patients with the best cognitive function in the fourth quartile (QIV) when compared to the patients with the lowest cognitive function in the first quartile (QI) were on average younger (34.3 and 40.1 years, respectively) and displayed the lowest proportion of patients with lower education (42.4% and 65.2%, respectively). Furthermore, they were less disabled (median EDSS 2.0 and 4.0, respectively) and had lower levels of work disability (98.5 and 229.9 days per annum, respectively). A noticeable gradual change through quartiles was also apparent in many of the above-mentioned patient characteristics, e.g. decrease of mean age (40.1 years in QI, 36.4 in QIII, 38.5 in QII and 34.3 in QIV), or decrease of median EDSS (4.0 in QI, 3.5 in QII, 3.0 in QIII and 2.0 in QIV).
There were also some similarities, in which MS patients did not differ significantly across SDMT quartiles, for example, by gender proportions and family composition (Table 1) .
Crude IRRs for work disability after one-year follow-up were 2.44 (95% confidence interval (CI) 2.04-2.92) for the QI patients, 1.91 (95% CI 1.59-2.28) for the QII patients and 1.52 (95% CI 1.26-1.82) for the QIII patients when compared to the QIV patients. The crude IRRs after 3 years of follow-up were 2.42 (95% CI 2.04-2.89), 1.89 (95% CI 1.59-2.24) and 1.41 (95% CI 1.18-1.69), respectively. Adjusted IRRs for work disability among MS patients are shown in Table 2 . Evident from the table, the adjusted IRR increased with worse cognitive function (lower SDMT quartile). After one year of follow-up, the QI patients were estimated to have an increased risk of work disability days by 73% when compared to the QIV patients (IRR 1.73, 95% CI 1.42-2.10). This estimate after 3 years follow-up was similar (IRR 1.68, 95% CI 1.40-2.02).
Physical disability, assessed with the EDSS, turned out to be one of the most significant factors in our analysis, with the highest IRR of work disability for the most disabled patient group. Their IRR was more than doubled when compared to MS patients with mild physical disability (IRR 2.42 at T1 and 2.61 at T3). Other significant factors were lower and secondary education (IRR 1.78 at T1 and 1.77 at T3 when compared to those with higher education), female gender (IRR 1.62 at T1 and 1.55 at T3) and older age (1.53 at T1 and 1.70 at T3 for the oldest patient group).
In the estimated marginal means analysis, SDMT performance at T0 predicted 247 mean annual days of work disability one year later (T1) and 259 days 3 years later (T3) for the QI patients. A total of 143 annual days of work disability at T1 and 154 days at T3 were predicted for the QIV patients (Figure 1 ).
The gradual change of the predicted work disability through quartiles was also apparent.
Discussion
In this cohort study, based on three nation-wide registries, we investigated how cognitive function, assessed with the SDMT, predicts works disability, operationalised as future annual net days of SA and/ or DP among MS patients. We found substantial differences in short and long-term work disability across different MS patient groups when categorised by SDMT quartiles. At baseline, MS patients in the lowest quartile had twice as much work disability as the patients in the highest quartile (229.9 and 98.5 days per annum, respectively). After one year of follow-up, the QI patients were estimated to have 73% more annual days of SA/DP when compared to the QIV patients (IRR 1.73, 95% CI 1.42-2.10); similarly, after 3 years of follow-up (IRR 1.68, 95% CI 1.40-2.02). This might have great implications on household income and quality of life. For most people, work is salient to life, is central to wellbeing, and is a means by which individuals define Multiple Sclerosis Journal-Experimental, Translational and Clinical themselves, thus employment may be regarded as a marker of overall functioning of the individual patient. 25 Furthermore, the effect of cognitive dysfunction on the social and working life of MS patients is still underestimated as MS is widely viewed as producing neurological defects primarily in the motor sphere. 26 We have previously assessed MS patients' income in relation to physical disability, 27 cognitive function 28 and disease phenotype, 29 and showed that cognitive function affects the financial situation negatively, independently of physical disability. MS patients in the highest SDMT score quartile earned more than twice the amount annually compared to patients in the lowest quartile, whereas patients in the lowest quartile received three times more income through social benefits. 28 Most studies on cognitive impairment in MS are cross-sectional in nature, 26 and compared to other similar studies [30] [31] [32] this study has several important strengths: (a) longitudinal design; (b) a relatively large sample; (c) population-based register approach. It also contributes to other studies of socioeconomic factors in MS by exploring a new outcome measure -work disability, operationalised as annual net days of SA and/or DP. As both part-time SA and DP are possible in Sweden, it is an advantage that net days could be calculated.
Moreover, compared to other measures/outcomes, SA and DP offer a continuous variable that can be assigned to every individual for each time period without missing data. 19 We were also able to adjust the analyses by various important factors, in particular educational level, gender and physical disability. An interesting aspect that has also arisen from our results is the possible association of the EDSS and the SDMT -as MS patients in the highest SDMT quartile had lower EDSS scores, i.e. a median of 2.0, whereas the patients in the lowest SDMT quartile had the median EDSS score of 4.0. Whether these measures are of different construct or reflect disease progression in a similar way, as well as how they change through the clinical course in relation to each other, might be well explored in future studies.
Nevertheless, our study has to be assessed against selection bias. The SDMT, although being a widely accepted clinical tool, is not used in a daily neurology practice the same way as, for instance, the EDSS. Most of these patients underwent SDMTs because of their inclusion in the Immunomodulation and MS Epidemiology Study (IMSE) to monitor all newer MS drugs in Sweden since 2006. 33 Thus, our study population represents more those who due to various reasons were treated or switched to second-line treatments or discontinued disease-modifying drugs. However, the differences of the study population in the SDMT quartiles that we observed are clear and likely to be robust. We also could not control the analysis for the form of SDMT administration, as the oral in contrast to the written form is known to give slightly higher scores. 34 Another limitation is that SA days in most SA spells shorter than 15 days were not included.
MS has a detrimental impact on affected patients and a considerable economic burden of disease to society, e.g. on average during follow-up post-diagnosis MS patients had e5130 less gross salary per year compared with controls. 35 A recent study showed that in spite of widespread access to modern healthcare including disease-modifying drugs, the majority of MS patients of working age were on a DP (namely, 61.7% of the MS patients were on partial or full DP compared to 14.2% among the controls). 5 Our study contributes by comprehensive analysis of various clinical and sociodemographic factors, associated with work disability, and emphasising the importance of cognitive function. Also, studying work disability may enhance the understanding of the consequences of living with chronic disease, and give new insights into the effects of sickness insurance policy in a society. 36 In line with other studies, we also showed that physical disability (after adjustment), education, gender and age were significant factors to impact patients' future work disability. For example, Lunde et al. 30 demonstrated that highly educated MS patients had more than a twofold chance of being employed compared to patients with less education. Findling et al. 31 reported that even with minimal disability level, a significant proportion of the studied patients had reduced work capacity. In a study by Pfleger et al., 20 the hazard of being granted DP for men was 73% that of women. In addition, in our previous Figure 1 . Predicted marginal means of work disability among multiple sclerosis patients study 28 we showed gender to be such a significant factor as to impact individuals' annual earnings by SEK100,000 (%e10,500 more for men than women; adjusted for a number of various clinical and sociodemographic variables, including age, education and SDMT). Campbell et al. 32 concluded that cognitively impaired MS patients exhibited significantly lower rates of employment, and the SDMT was the most significant predictor of not being in paid work.
Finaly, by showing how cognitive function is associated with work disability of MS patients, we emphasise the necessity of testing cognition in healthcare services for MS patients. The SDMT is a simple and time-effective screening instrument for cognitive impairment and could be used as a potential tool to identify MS patients who are at high risk of short and long-term work disability in terms of SA and/or DP.
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